Response of the wake of an isolated particle to isotropic turbulent cross-flow by Bagchi, Prosenjit & Balachandar, S.
  




















































































































































 ﬀﬂﬁ  	  
!











































































o`vd] ﬁﬀ ﬃﬂ 

























































































































































































































































































































































































EÆ`5G vr|`kd]r/eEzﬁﬀ ~ ? /?6 zyz]
%
&\~ﬀ_5GScEöHG |r_`kd]LeEz




ﬀ ~ . 3"D zy]|%ﬁ&_~ ,vﬁGScnEÆwZG r|`vd])Ez





















































































ﬀ ~Ê  /
. ~Zsk( zyz]%&B~Ê|54GScZr|`kd]k. Ezﬁﬀ ~ . 32 ~H{k
 zyz]
%












































































 ﬀﬂﬁ  	  
ß














































ﬀ~/  ,ﬃ/6{~ﬀ 














































































































































EÆ`5G±o`kd]­ Ezﬁﬀ ~   /
.2w~ç{Ł1 zy]
%
& ~ _54ﬃGpeEöZG)r_`kd] . Ezﬁﬀ ~ . 3 ~ç{k








ﬁGSc  	 ~à|








































































































































è. ³£~£¥ª»ãÈ"ÈÈ"ÀbÁÌâ3©y¬ «©p¦v´©©~Ł¬#µÄb¨Æ§"¤p"Úè7 s£p£¥ª» ãÈÈÈ(À¥ª«©~§­§µ©pv¤ÅŁ¬7£¥h£º¥h£- ¢¡(£pv¤¹ºk¬ «¥h£ ½ÂÓ !£p¯
















































   HO HRﬃxmF_q{e 0cfnﬃ`kt¯ivadcfq{r_qc-q{g 0(g"q{j¢ikafe '(iﬁ)














































































EÆ`5Go`kd]±BEzﬁﬀ ~õ  /.S ~à{Ł_ zyz]9%ﬁ&p~R_54Gp
EöZGÓr|`vd]g, EzﬁﬀQ~Y  /.Sq~6 ,J zyz]
%




ﬀ ~ . 32w~ç ,ﬃ/he zy]%9& ~ Ł|3:GpeEö]ﬁG)r|`kd] / Ezﬁﬀ ~ ? /
?2w~Ùske zy]9%& ~ç_5GpeE«j2G)r|`kd]:






 ﬀﬂﬁ  	  
1





]j¢c  (r|`kd] Ezﬁﬀ ~à  /
.~ﬀ{Łn zy] % &W~à|ﬃ4ﬃG

yq{Łnhc  r|`vd]Ez
ﬀ ~ ? /?2~ﬀ ,ﬃ/hD zyz] % &_~ ,
3"G
























































































































































lÄik^  r|`vd]y Ezﬁﬀ ~  /.
 zyz]%& ~Z_54GpÍeqsw"w"t{]  ur|`vd]g. Ez
ﬀ~ . 3"  zyz]9%ﬁ&~ ,vGpÍivcdcfiŁe  ur_`kd]k/ Ez


























 ﬀﬂﬁ  	  
Łß








































.2Q~Û{ŁJ zyz]%&~B|ﬃ4ﬃGpmeqsw(wts]  ur|`kd]. Ez
ﬀ ~ . 3 ~ skm zy]|%ﬁ& ~ ,vGpÍivcdcfiŁe  Är|`kd]



































































































 Ezﬁﬀ ~ ? /




















































 ﬀﬂﬁ  	   ã














































.2Q~Û ,J zyz]%&~ /kﬃGpmeq³w"w"t{]  Är|`kd]3Ezﬁﬀ~ . 
32Q~Û ,ﬃ/hm zy]|%ﬁ& ~Hk935GpÍivcdcfiŁe  Är|`kd]
















































































































































































































































































































lÄiŁ^±t{]j¢c  "r|`kd]Ó`kg(wg,BEzﬁﬀ~/  /
.5GpcfiŁ^±afq{knc  
r|`vd]_J.3`kgﬃw 3BEz
ﬀ ~ . 35Gp"ivcdcfiŁe  hr_`kd]_m/Ó`kg(w-AEz
ﬀ ~ ? /?ﬃG

lon"q{rSTt{q{g(]5`vaf]zj«ikaJ1~ﬀsk"`kgﬃwcfn(q{gt{q{g(]_





































































































































































Á 	9D: 0  s 
¯y¤pŁ©~Ł¥¤_¦_7 ¢©©p´¯®¯®Ä§¤p£pŁ¬7µﬃÃ:£p¯Dâ¿ -æ -v¡(£v¤¨Æ§¤)¿ﬃ ¢¹-´¯ª«¥h£ ³§"¡­§¨Wâ3¬Åh¥¡¦bk¬#Â²§¦_Òv£©¥h££p¯ Ó¡ s¶





















































































CN =i;ZL	RDR:   O"AjA9NO


































































































































































 ﬀﬂﬁ  	   ã
1
X ;"L	R MY











ﬁ4 ;BLR:Nn{  bLV8E RBL	R:NmLsN
LHLﬁZL B














ﬀ   zy]|%ﬁ& d `






















































































































ﬀ ~/  /.2~ﬀ{Ł zyz]
%
&\~à|ﬃ4ﬃGpsEöHGÌr_`kd]8.AEz
ﬀ ~ . 3S~ﬀ{k
 zyz]%&_~ ,kGp6EörGr|`kd]r3Ez
ﬀ ~ . 3S~ﬀ ,/ zy]%9&W~àŁ|3:GpEÆwZGr_`kd]J/eEz
ﬀ ~ ? /
?21~ﬀ{Ł zyz]%ﬁ&\~|ﬃGp
Eö]ﬁGor|`vd]Ó Ez



































 HO }ZP=R6iŁghcfiﬃ0afçikj yW}D ]_t{ihr_qc  '60(rc0(`vcfq{iŁg dr|`kt{]|wh j³af]_]_ócdaf]|`ve k`kt 0"] j«ivar_`kd] .
Ezﬁﬀ ~ . 
32~Y{k  zyz]
%
& ~ ,vﬁG`vgﬃw7r|`kd] 3 Ez























































   HOu}=}HR¯`ke]W`k 	ﬃﬃ0af]e,Ó0"coj¢ikazcfn(]ts`bafŁ]a^ﬃ`badcfqsrts]AEör|`vd]1/ 
ﬀ~ ? /?21~{Łn zy]|%ﬁ&\~|ﬃGz`vgﬃw
Eör|`vd]Ó  


















































ﬀ ~P  /.S ~B{k( zyz]
%
&B~P|54GScÍ²Ó²²ÓÓr|`vd]k. Ez
ﬀ ~ . 3S ~B{k
 zyz]
%












 ﬀﬂﬁ  	  
!
!


























































ﬀ ~à  /.S~ﬀ{k
 zyz]
%
























List of Recent TAM Reports 
No. Authors Title Date 
 
 
961 Sharp, K. V., 
R. J. Adrian, 
J. G. Santiago, and 
J. I. Molho 
Liquid flows in microchannels—Chapter 6 of CRC Handbook of 
MEMS (M. Gad-el-Hak, ed.) (2001) 
Nov. 2000 
962 Harris, J. G. Rayleigh wave propagation in curved waveguides—Wave Motion 
36, 425–441 (2002) 
Jan. 2001 
963 Dong, F., A. T. Hsui, 
and D. N. Riahi 
A stability analysis and some numerical computations for thermal 
convection with a variable buoyancy factor—Journal of Theoretical 
and Applied Mechanics 2, 19–46 (2002) 
Jan. 2001 
964 Phillips, W. R. C. Langmuir circulations beneath growing or decaying surface 
waves—Journal of Fluid Mechanics (submitted) 
Jan. 2001 
965 Bdzil, J. B., 
D. S. Stewart, and 
T. L. Jackson 
Program burn algorithms based on detonation shock dynamics—
Journal of Computational Physics (submitted) 
Jan. 2001 
966 Bagchi, P., and 
S. Balachandar 
Linearly varying ambient flow past a sphere at finite Reynolds 
number: Part 2—Equation of motion—Journal of Fluid Mechanics 
481, 105–148 (2003) (with change in title) 
Feb. 2001 
967 Cermelli, P., and 
E. Fried 
The evolution equation for a disclination in a nematic fluid—
Proceedings of the Royal Society A 458, 1–20 (2002) 
Apr. 2001 
968 Riahi, D. N. Effects of rotation on convection in a porous layer during alloy 
solidification—Chapter 12 in Transport Phenomena in Porous Media 
(D. B. Ingham and I. Pop, eds.), 316–340 (2002) 
Apr. 2001 
969 Damljanovic, V., and 
R. L. Weaver 
Elastic waves in cylindrical waveguides of arbitrary cross section—
Journal of Sound and Vibration (submitted) 
May 2001 
970 Gioia, G., and 
A. M. Cuitiño 
Two-phase densification of cohesive granular aggregates—Physical 
Review Letters 88, 204302 (2002) (in extended form and with added 
co-authors S. Zheng and T. Uribe) 
May 2001 
971 Subramanian, S. J., and 
P. Sofronis 
Calculation of a constitutive potential for isostatic powder 
compaction—International Journal of Mechanical Sciences (submitted) 
June 2001 
972 Sofronis, P., and 
I. M. Robertson 
Atomistic scale experimental observations and micromechanical/ 
continuum models for the effect of hydrogen on the mechanical 
behavior of metals—Philosophical Magazine (submitted) 
June 2001 
973 Pushkin, D. O., and 
H. Aref 
Self-similarity theory of stationary coagulation—Physics of Fluids 14, 
694–703 (2002) 
July 2001 
974 Lian, L., and 
N. R. Sottos 
Stress effects in ferroelectric thin films—Journal of the Mechanics and 
Physics of Solids (submitted) 
Aug. 2001 
975 Fried, E., and 
R. E. Todres 
Prediction of disclinations in nematic elastomers—Proceedings of the 
National Academy of Sciences 98, 14773–14777 (2001) 
Aug. 2001 
976 Fried, E., and 
V. A. Korchagin 
Striping of nematic elastomers—International Journal of Solids and 
Structures 39, 3451–3467 (2002) 
Aug. 2001 
977 Riahi, D. N. On nonlinear convection in mushy layers: Part I. Oscillatory modes 
of convection—Journal of Fluid Mechanics 467, 331–359 (2002) 
Sept. 2001 
978 Sofronis, P., 
I. M. Robertson, 
Y. Liang, D. F. Teter, 
and N. Aravas 
Recent advances in the study of hydrogen embrittlement at the 
University of Illinois—Invited paper, Hydrogen–Corrosion 
Deformation Interactions (Sept. 16–21, 2001, Jackson Lake Lodge, 
Wyo.) 
Sept. 2001 
979 Fried, E., M. E. Gurtin, 
and K. Hutter 
A void-based description of compaction and segregation in flowing 
granular materials—Continuum Mechanics and Thermodynamics, in 
press (2003) 
Sept. 2001 
980 Adrian, R. J., 
S. Balachandar, and 
Z.-C. Liu 
Spanwise growth of vortex structure in wall turbulence—Korean 
Society of Mechanical Engineers International Journal 15, 1741–1749 
(2001) 
Sept. 2001 
981 Adrian, R. J. Information and the study of turbulence and complex flow—
Japanese Society of Mechanical Engineers Journal B, in press (2002) 
Oct. 2001 
982 Adrian, R. J., and 
Z.-C. Liu 
Observation of vortex packets in direct numerical simulation of 
fully turbulent channel flow—Journal of Visualization, in press (2002) 
Oct. 2001 
List of Recent TAM Reports (cont’d) 
No. Authors Title Date 
 983 Fried, E., and 
R. E. Todres 
Disclinated states in nematic elastomers—Journal of the Mechanics 
and Physics of Solids 50, 2691–2716 (2002) 
Oct. 2001 
984 Stewart, D. S. Towards the miniaturization of explosive technology—Proceedings 
of the 23rd International Conference on Shock Waves (2001) 
Oct. 2001 
985 Kasimov, A. R., and 
Stewart, D. S. 
Spinning instability of gaseous detonations—Journal of Fluid 
Mechanics (submitted) 
Oct. 2001 
986 Brown, E. N., 
N. R. Sottos, and 
S. R. White 
Fracture testing of a self-healing polymer composite—Experimental 
Mechanics (submitted) 
Nov. 2001 
987 Phillips, W. R. C. Langmuir circulations—Surface Waves (J. C. R. Hunt and S. Sajjadi, 
eds.), in press (2002) 
Nov. 2001 
988 Gioia, G., and 
F. A. Bombardelli 
Scaling and similarity in rough channel flows—Physical Review 
Letters 88, 014501 (2002) 
Nov. 2001 
989 Riahi, D. N. On stationary and oscillatory modes of flow instabilities in a 
rotating porous layer during alloy solidification—Journal of Porous 
Media 6, 1–11 (2003) 
Nov. 2001 
990 Okhuysen, B. S., and 
D. N. Riahi 
Effect of Coriolis force on instabilities of liquid and mushy regions 
during alloy solidification—Physics of Fluids (submitted) 
Dec. 2001 
991 Christensen, K. T., and 
R. J. Adrian 
Measurement of instantaneous Eulerian acceleration fields by 
particle-image accelerometry: Method and accuracy—Experimental 
Fluids (submitted) 
Dec. 2001 
992 Liu, M., and K. J. Hsia Interfacial cracks between piezoelectric and elastic materials under 
in-plane electric loading—Journal of the Mechanics and Physics of 
Solids 51, 921–944 (2003) 
Dec. 2001 
993 Panat, R. P., S. Zhang, 
and K. J. Hsia 
Bond coat surface rumpling in thermal barrier coatings—Acta 
Materialia 51, 239–249 (2003) 
Jan. 2002 
994 Aref, H. A transformation of the point vortex equations—Physics of Fluids 14, 
2395–2401 (2002) 
Jan. 2002 
995 Saif, M. T. A, S. Zhang, 
A. Haque, and 
K. J. Hsia 
Effect of native Al2O3 on the elastic response of nanoscale aluminum 
films—Acta Materialia 50, 2779–2786 (2002) 
Jan. 2002 
996 Fried, E., and 
M. E. Gurtin 
A nonequilibrium theory of epitaxial growth that accounts for 
surface stress and surface diffusion—Journal of the Mechanics and 
Physics of Solids 51, 487–517 (2003) 
Jan. 2002 
997 Aref, H. The development of chaotic advection—Physics of Fluids 14, 1315–
1325 (2002); see also Virtual Journal of Nanoscale Science and 
Technology, 11 March 2002 
Jan. 2002 
998 Christensen, K. T., and 
R. J. Adrian 
The velocity and acceleration signatures of small-scale vortices in 
turbulent channel flow—Journal of Turbulence, in press (2002) 
Jan. 2002 
999 Riahi, D. N. Flow instabilities in a horizontal dendrite layer rotating about an 
inclined axis—Journal of Porous Media, in press (2003) 
Feb. 2002 
1000 Kessler, M. R., and 
S. R. White 
Cure kinetics of ring-opening metathesis polymerization of 
dicyclopentadiene—Journal of Polymer Science A 40, 2373–2383 
(2002) 
Feb. 2002 
1001 Dolbow, J. E., E. Fried, 
and A. Q. Shen 
Point defects in nematic gels: The case for hedgehogs—Proceedings 
of the National Academy of Sciences (submitted) 
Feb. 2002 
1002 Riahi, D. N. Nonlinear steady convection in rotating mushy layers—Journal of 
Fluid Mechanics 485, 279–306 (2003) 
Mar. 2002 
1003 Carlson, D. E., E. Fried, 
and S. Sellers 
The totality of soft-states in a neo-classical nematic elastomer—
Journal of Elasticity 69, 169–180 (2003) with revised title 
Mar. 2002 
1004 Fried, E., and 
R. E. Todres 
Normal-stress differences and the detection of disclinations in 
nematic elastomers—Journal of Polymer Science B: Polymer Physics 40, 
2098–2106 (2002) 
June 2002 
1005 Fried, E., and B. C. Roy Gravity-induced segregation of cohesionless granular mixtures—
Lecture Notes in Mechanics, in press (2002) 
July 2002 
List of Recent TAM Reports (cont’d) 
No. Authors Title Date 
 1006 Tomkins, C. D., and 
R. J. Adrian 
Spanwise structure and scale growth in turbulent boundary 
layers—Journal of Fluid Mechanics (submitted) 
Aug. 2002 
1007 Riahi, D. N. On nonlinear convection in mushy layers: Part 2. Mixed oscillatory 
and stationary modes of convection—Journal of Fluid Mechanics 
(submitted) 
Sept. 2002 
1008 Aref, H., P. K. Newton, 
M. A. Stremler, 
T. Tokieda, and 
D. L. Vainchtein 
Vortex crystals—Advances in Applied Mathematics 39, in press (2002) Oct. 2002 
1009 Bagchi, P., and 
S. Balachandar 
Effect of turbulence on the drag and lift of a particle—Physics of 
Fluids, in press (2003) 
Oct. 2002 
1010 Zhang, S., R. Panat, 
and K. J. Hsia 
Influence of surface morphology on the adhesive strength of 
aluminum/epoxy interfaces—Journal of Adhesion Science and 
Technology 17, 1685–1711 (2003) 
Oct. 2002 
1011 Carlson, D. E., E. Fried, 
and D. A. Tortorelli 
On internal constraints in continuum mechanics—Journal of 
Elasticity 70, 101–109 (2003) 
Oct. 2002 
1012 Boyland, P. L., 
M. A. Stremler, and 
H. Aref 
Topological fluid mechanics of point vortex motions—Physica D 
175, 69–95 (2002) 
Oct. 2002 
1013 Bhattacharjee, P., and 
D. N. Riahi 
Computational studies of the effect of rotation on convection 
during protein crystallization—Journal of Crystal Growth (submitted) 
Feb. 2003 
1014 Brown, E. N., 
M. R. Kessler, 
N. R. Sottos, and 
S. R. White 
In situ poly(urea-formaldehyde) microencapsulation of 
dicyclopentadiene—Journal of Microencapsulation (submitted) 
 
Feb. 2003 
1015 Brown, E. N., 
S. R. White, and 
N. R. Sottos 
Microcapsule induced toughening in a self-healing polymer 
composite—Journal of Materials Science (submitted) 
Feb. 2003 
1016 Kuznetsov, I. R., and 
D. S. Stewart 
Burning rate of energetic materials with thermal expansion—
Combustion and Flame (submitted) 
Mar. 2003 
1017 Dolbow, J., E. Fried, 
and H. Ji 
Chemically induced swelling of hydrogels—Journal of the Mechanics 
and Physics of Solids, in press (2003) 
Mar. 2003 
1018 Costello, G. A. Mechanics of wire rope—Mordica Lecture, Interwire 2003, Wire 
Association International, Atlanta, Georgia, May 12, 2003 
Mar. 2003 
1019 Wang, J., N. R. Sottos, 
and R. L. Weaver 
Thin film adhesion measurement by laser induced stress waves—
Journal of the Mechanics and Physics of Solids (submitted) 
Apr. 2003 
1020 Bhattacharjee, P., and 
D. N. Riahi 
Effect of rotation on surface tension driven flow during protein 
crystallization—Microgravity Science and Technology 14, 36–44 (2003) 
Apr. 2003 
1021 Fried, E. The configurational and standard force balances are not always 
statements of a single law—Proceedings of the Royal Society 
(submitted)  
Apr. 2003 
1022 Panat, R. P., and 
K. J. Hsia 
Experimental investigation of the bond coat rumpling instability 
under isothermal and cyclic thermal histories in thermal barrier 
systems—Proceedings of the Royal Society of London A, in press (2003) 
May 2003 
1023 Fried, E., and 
M. E. Gurtin 
A unified treatment of evolving interfaces accounting for small 
deformations and atomic transport: grain-boundaries, phase 
transitions, epitaxy—Advances in Applied Mechanics, in press (2003) 
May 2003 
1024 Dong, F., D. N. Riahi, 
and A. T. Hsui 
On similarity waves in compacting media—Horizons in Physics, in 
press (2003) 
May 2003 
1025 Liu, M., and K. J. Hsia Locking of electric field induced non-180° domain switching and 
phase transition in ferroelectric materials upon cyclic electric 
fatigue—Applied Physics Letters, in press (2003) 
May 2003 
1026 Liu, M., K. J. Hsia, and 
M. Sardela Jr. 
In situ X-ray diffraction study of electric field induced domain 
switching and phase transition in PZT-5H—Journal of the American 
Ceramics Society (submitted) 
May 2003 
List of Recent TAM Reports (cont’d) 
No. Authors Title Date 
 1027 Riahi, D. N. On flow of binary alloys during crystal growth—Recent Research 
Development in Crystal Growth, in press (2003) 
May 2003 
1028 Riahi, D. N. On fluid dynamics during crystallization—Recent Research 
Development in Fluid Dynamics, in press (2003) 
July 2003 
1029 Fried, E., V. Korchagin, 
and R. E. Todres 
Biaxial disclinated states in nematic elastomers—Journal of Chemical 
Physics 119, 13170–13179 (2003) 
July 2003 
1030 Sharp, K. V., and 
R. J. Adrian 
Transition from laminar to turbulent flow in liquid filled 
microtubes—Physics of Fluids (submitted) 
July 2003 
1031 Yoon, H. S., D. F. Hill, 
S. Balachandar, 
R. J. Adrian, and 
M. Y. Ha 
Reynolds number scaling of flow in a Rushton turbine stirred tank: 
Part I—Mean flow, circular jet and tip vortex scaling—Chemical 
Engineering Science (submitted) 
Aug. 2003 
1032 Raju, R., 
S. Balachandar, 
D. F. Hill, and 
R. J. Adrian 
Reynolds number scaling of flow in a Rushton turbine stirred tank: 
Part II—Eigen-decomposition of fluctuation—Chemical Engineering 
Science (submitted) 
Aug. 2003 
1033 Hill, K. M., G. Gioia, 
and V. V. Tota 
Structure and kinematics in dense free-surface granular flow—
Physical Review Letters, in press (2003) 
Aug. 2003 
1034 Fried, E., and S. Sellers Free-energy density functions for nematic elastomers—Journal of the 
Mechanics and Physics of Solids, in press (2003) 
Sept. 2003 
1035 Kasimov, A. R., and 
D. S. Stewart 
On the dynamics of self-sustained one-dimensional detonations: 
A numerical study in the shock-attached frame—Physics of Fluids 
(submitted) 
Nov. 2003 
1036 Fried, E., and B. C. Roy Disclinations in a homogeneously deformed nematic elastomer—
Nature Materials (submitted) 
Nov. 2003 
1037 Fried, E., and 
M. E. Gurtin 
The unifying nature of the configurational force balance—Mechanics 
of Material Forces (P. Steinmann and G. A. Maugin, eds.), in press 
(2003) 
Dec. 2003 
1038 Panat, R., K. J. Hsia, 
and J. W. Oldham 
Rumpling instability in thermal barrier systems under isothermal 
conditions in vacuum—Philosophical Magazine (submitted) 
Dec. 2003 
1039 Cermelli, P., E. Fried, 
and M. E. Gurtin 
Sharp-interface nematic–isotropic phase transitions without flow—
Archive for Rational Mechanics and Analysis (submitted) 
Dec. 2003 
1040 Yoo, S., and 
D. S. Stewart 
A hybrid level-set method in two and three dimensions for 
modeling detonation and combustion problems in complex 
geometries—Combustion Theory and Modeling (submitted) 
Feb. 2004 
1041 Dienberg, C. E., 
S. E. Ott-Monsivais, 
J. L. Ranchero, 
A. A. Rzeszutko, and 
C. L. Winter 
Proceedings of the Fifth Annual Research Conference in Mechanics 
(April 2003), TAM Department, UIUC (E. N. Brown, ed.) 
Feb. 2004 
1042 Kasimov, A. R., and 
D. S. Stewart 
Asymptotic theory of ignition and failure of self-sustained 
detonations—Journal of Fluid Mechanics (submitted) 
Feb. 2004 
1043 Kasimov, A. R., and 
D. S. Stewart 
Theory of direct initiation of gaseous detonations and comparison 
with experiment—Proceedings of the Combustion Institute (submitted) 
Mar. 2004 
1044 Panat, R., K. J. Hsia, 
and D. G. Cahill 
Evolution of surface waviness in thin films via volume and surface 
diffusion—Journal of Applied Physics (submitted) 
Mar. 2004 
1045 Riahi, D. N. Steady and oscillatory flow in a mushy layer—Current Topics in 
Crystal Growth Research (submitted) 
Mar. 2004 
1046 Riahi, D. N. Modeling flows in protein crystal growth—Current Topics in Crystal 
Growth Research (submitted) 
Mar. 2004 
1047 Bagchi, P., and 
S. Balachandar 
Response of the wake of an isolated particle to isotropic turbulent 
cross-flow—Journal of Fluid Mechanics (submitted) 
Mar. 2004 
 
